Abstract: Tomato suffers from several diseases at all stages of its life. Blackmold, caused by Alternaria alternate (Fr.) Keissler is one of the most important postharvest disease of tomato. The effect of various concentrations of chitosan solution on A. alternata the causal agent of blackmold disease of tomato fruits on mycelial growth was studied. The isolate was tested in vitro using PDA amended with seven concentrations of chitosan (0, 1, 2, 3, 4, 5 and 6 mg ml -). Chitosan significantly (P < 0.05) inhibited the radial mycelial growth of this fungus by 67.4% at 6 mg ml 1 concentration. Tomato fruits treated with aqueous solution of chitosan compared with the Ipromise ® fungicide (Thiophonate-methyl 20% + Iprodione 20%) was artificially inoculated with A. alternata and incubated at 8, 18 and 28°C. Lesion diameters and total phenolic contents were recorded 7 and 14-days after inoculation. Chitosan also, significantly (P < 0.05) reduced the lesion diameters of tomato fruits which were smaller for all treatments when stored at 8°C compared to the control treatment. Chitosan treatment resulted in the highest increase in total phenolic contents over the untreated control. Whereas a less increase in total phenolic contents was recognized in fungicide treatment. In all treatments, total phenolic contents increased first and declined at the end of storage. The results of this study indicate that chitosan was a alternative safe coating method especially when stored at low temperature degree for prevents tomato fruits blackmold disease which causes economic losses during transportation, marketing and storage.
INTRODUCTION
Alternaria alternata is a causal agent of blackmold of tomato (Lycopersicon esculentum L.) fruit, a disease frequently causing substantial postharvest losses. The occurrence of Alternaria in a wide variety of fruit and vegetables under diverse conditions of cultivation, handling, and storage suggests that the losses caused by Alternaria are comparable to other mold genera such as Aspergillus P. Mich ex Link, Penicillium Link and Fusarium Link (Stinson et al., 1980) . Control of blackmold of tomato can be achieved by pre-and postharvest antifungal treatments, since the fungus can infect the fruit in the field and become latent in green tomato, and resume growth as the fruit ripens. The use of fungicides on fruit needs strict control due to potential health risks, and none of them are approved for postharvest use. Hence, there is a need to exploit natural antifungal substances and induced host defenses for the control of postharvest diseases.
As a natural polysaccharide, chitosan (poly β-(1→4) N-acetyl-D-glucosamine) represents a promising alternative treatment for postharvest disease management due to its antifungal activity and elicitation of defense response in the plant host (Terry and Joyce, 2004; Bautista-Baños et al., 2006) . Previous reports have indicated that chitosan can inhibit the growth of several postharvest fungal pathogens, including Alternaria alternata (Reddy et al., 1997) , Botrytis cinerea (Chien and Chou, 2006) , Penicillium expansum (Liu et al., 2007) , Penicillium digitatum (Pacheco et al., 2008) , Rhizopus stolonifer (Hernández-Lauzardo et al., 2008) . The antimicrobial activity of chitosan has been commonly considered to be closely associated with its molecular weight, degree of deacetylation, pH, and sensitivity of the target microorganism . Regarding the antimicrobial mechanism of chitosan, it has been proposed that positively charged chitosan reacts with negatively charged molecules on the cell surface of the target organism altering cell permeability which results in material being leaked from the cell and/or material being inhibited from entering the cell. Chitosan induces structural defense barriers in bell pepper fruit [Capsicum annuum L. var. annuum (Grossum Group)] (El Ghaouth et al., 1994) , and elicits the production of phytoalexin in pea pods (Pisum sativum L.) Kendra and Hadwiger (1984) . Reddy et al. (1998) showed that chitosan affects growth, morphology, and toxin production by A. alternata. This means that chitosan, in addition to its direct antimicrobial activity, also interferes with pathogenic factors and induces host defenses. We report here in the mechanisms of chitosan action in controlling the progress of blackmold in postharvest tomato fruit.
The objective of this study is to investigate the effectiveness of chitosan activity on controlling tomato postharvest blackmold disease and total phenolic contents.
MATERIALS AND METHODS

1-Isolation and identification of tomato fruit rots:
Tomato fruits with fungal rot symptoms were collected from local markets in Ismailia Governorate and individually placed in a clean plastic bag. Fruits were swabbed in 70% ethanol for 2 min washed with several changes of sterile distilled water and blotted dry with sterile filter papers. Lesions were aseptically cut by using a sterile forceps then wrapped with filter paper for 3-5 minutes and plated on sterile potato dextrose agar PDA medium supplemented with 50 mg streptomycin per liter and incubated at 25±2°C for 5-7 days. The different fungi grown from infected tissues were subcultured on separate sterile PDA plates and the resulting fungi were microscopically examined and identified Zian, 2016 according Clipson et. al. (2001 . All fungal isolates were maintained on PDA at 4±2°C.
2-Chitosan Extraction method: 2.1-Raw materials:
Raw material used was obtained from the skeleton shrimps (Penaeus monodon) as a natural source .The pink shrimp shell was collected from seafood restaurants in Ismailia city, Egypt. The sample was washed with warm tap water to remove foreign materials and muscle particles. The samples were oven dried at 60 °c overnight, then were ground by the aid of grinding mill. Sample particles were sieved. Mesh size of 0.841mm and 0.420mm .Dried ground shell was placed in glass bottles and stored at lab temperature until used.
-Chitin isolation procedures:-
The method of No. et al. (1989) and Bolat et al. (2010) were employed to extract chitin. The following steps were followed.
2.2.1-Deproteinization:
The dry sample (10gm) of shrimps was individually submitted to deproteinization using 3.5% NaOH solution. The solid sample was poured in 250 ml glass beaker, then NaOH was added at sample ratio of 1:10 (w\v) (a solid to alkali) .The mixture was kept for 2 hr at 65 o c with constant stirring, then the mixture was filtered. The solid residue was washed with tap water for 30 minutes and then oven-dried. The obtained product was weighted.
2.2.2-Demineralization:
The dried deproteinized samples were individually poured in 250 ml glass beaker then 1 N HCl was added at ratio of 1:15 (w\v) a solid to acid. The mixture was kept for 30 min at room temperature with constant stirring, then the mixture was filtered. The solid residue was washed with tap water for 30 minutes and then oven-dried. The obtained product was weighted.
2.2.3-Decoloration:
The dried demineralized samples were individually poured in 250 ml glass beaker then 50 ml of acetone were added to each beaker for 10 min, then the mixture was filtered and dried for 2 hr at room temperature .Sodium hypochloride (NaOCL) 0.315 % solution was added at ratio of 1:10 (w\v) solid to acid. The mixture was kept for 5 min at room temperature with constant stirring, then the mixture was filtered. The solid residue was washed with tap water for 30 minutes and then oven-dried. The obtained product was weighted.
2.3-Preparation of chitosan from Chitin:
Preparation of chitosan from the obtained chitin as deacetylation treatment was prepared by using modify method of No et al. (2000) .
2.3.1-Degree of Deacetylation (DDA):
Degree of Deacetylation was determined by potentiometric titration by using Suitcharit et al. (2011) method. The percent degree of deacetylation was calculated using equation:
Where, Q = NΔV/m, ΔV is the volume of NaOH solution between two inflection points (in L), N is the concentration of NaOH (0.05 M) and m is the dry weight of chitosan samples (gm).
2.3.2-Fourier Transform Infrared spectroscopy, (FTIR)
To be sure that the obtained substance is chitosan, the method of Palpandi et al. (2009) is employed. FTIR spectroscopy of solid samples of chitosan relied on a Bio-Rad FTIS -40 model USA. Sample (100µg) was mixed with 100 µg of dried Potassium Bromide (KBr) and compressed to prepare a salt disc (10 mm diameter) for reading the spectrum further.
3. Characterization of chitosan 3.1-Determination molecular weight:
To determine molecular weight of chitosan the following step were followed:-3.1.1-Determination of specific viscosity (η sp )
The method of Chen and Tsaih (1998) , was followed to determine the specific viscosity (η sp ). Each of chitosan samples was dissolved in mixture of acetic acid (0.1 M), and sodium chloride (0.2 M). The viscosity was measured by the aid of Ostwald viscometer, using five different concentrations (0.001-0.002-0.003-0.004-0.00 5gm/ml) at a temperature of 25°C.
The capillary tube was filled with 10 mL of each sample that passed through the capillary twice before the running time was measured. Each sample was measured three times. The running times of the sample through the capillary was measured.
The same forgoing procedure was carried out to measure the running time of the solvent (acetic acid and sodium chloride).The density of each of the sample and the solvent were calculated. The relationship between the running time and the density were used to measure the viscosity following equation was used to calculate the specific viscosity (η sp ) of the sample.
Where, (η) is the sample viscosity in poise (ml/gm), (η s ) the solvent viscosity in poise (ml/gm ) and (η sp ) specific viscosity in poise (ml/gm).
3.1.2-Calculation of intrinsic viscosity [η inst ]
To calculate the intrinsic viscosity equation of Alsarra et al. (2002) . was used as a graph, since 
3.1.3-Calculation of molecular weight
The molecular weight of chitosan (M V ) was determined by Mark-Houwink-Sakurada's empirical equation, reported by Roberts and Domszy (1982) that relates the intrinsic viscosity to the polymer's molecular weight, in the following form:
Where, M v = the molecular weight, [η inst ] = the intrinsic viscosity in mL/gm. (K) = 1.81 x10 -3 mL/gm, (α) = 0.93 dimensionless.
The constants depend on the polymer system explained by Anthonsen et al. (1993) and Kitture et al. (1998) .
3.2-Solubility:
The method of No et al. (2007) was used to estimate the solubility percentage of chitosan samples, by using a glass bottle provided with 100 ml acetic acid 1%, as a solvent. Chitosan distinct weight was added gradually to the bottles. The bottles were immersed in boiling water bath and shaked continuously until saturation. The bottles were left to cool at room temperature. The solution was centrifuged at 10,000 rpm for 10 min. The supernatant was kept as chitosan formulation. The undissolved particles were washed in distilled water (25 ml) then centrifuged a 10,000 rpm for 10 min. The supernatant was removed. The undissolved particles dried at 60 o C for 24 hr. The weighed particles were determined the percentage solubility was according to the following equation:
Solubility percentage presented the concentration of chitosan in the obtained formulation.
4-Effect of chitosan concentrations on the mycelial growth of A. alternata:
A laboratory experiment was carried out to study the effect of chitosan at different concentrations on the mycelial growth of A. alternata. Extracted chitosan was prepared by dissolving chitosan in 0.25 N HCl by stirring for 8 h at 45°C. Undissolved particles were removed by centrifugation at 10,000 g for 15min.
Chitosan was precipitated with 2N NaOH and washed three times in deionized water to remove salts. The purified chitosan was then air-dried and stored at room temperature until required. For incorporation into media, purified chitosan was dissolved in 0.25 N HCl, then adjusted to pH 5.6 with 2 N NaOH (Du et al., 1997) . Chitosan was incorporated into potato dextrose agar at concentrations of 0, 1, 2, 3, 4, 5 and 6 mg ml -1 . The chitosan solution and PDA medium were autoclaved separately and combined with the medium after autoclaving. Equal volumes of acid were used for all concentrations of chitosan. A 5-mm-diameter plug from the advancing margin of colony on PDA medium was seeded centrally onto 4 plates of each chitosan concentration. Cultures were incubated at 25±2° C. The diameter of all colonies was measured until the leading edge of the fastest-growing colony had reached the edge of the plate. The highest concentration which gave maximum inhibition of radial growth was chosen to treat tomato fruits.
The average linear growth of tested fungus was measured 7 days after incubation period and reduction in fungal growth was calculated in relative to check treatment according to Fokemma (1973) as the percentage reduction in mycelial growth of the pathogen:
Reduction percentage = (C-T) /C x 100
Where; C= maximum linear growth in control and T= maximum linear growth in treatment.
5-Effect of chitosan on the development of tomato blackmold disease compared to the Ipromise ® fungicide under different temperature degrees: Experiment was conducted with commercially grown tomatoes from Ismailia Governorate. Tomato fruits castle Rock cv. were selected free from injuries and any infections. Fruits were sterilized with 3% sodium hypochlorite solution followed by immersion in sterile distilled water for two minutes and air-dried before wounding. The fruit were then randomly divided into 10 fruit lots for each replicate and three replicates were used for each treatment. Fruits were dipped in each of chitosan solution (6 g·L -1 ) and Ipromise ® fungicide (Thiophonate-methyl 20% + Iprodione 20%) at the rate of 2 ml/1 liter water as recommended and dried under ambient conditions for 1 h. After air drying, fruits were wounded with a sterile stainless steel scalpel where each wound was about 4 mm long and 2 mm deep. Spore suspension was obtained by flooding cultures of 10 days old A. alternata with sterile distilled water containing 1 ml·L-1 Tween 80. Spore counts were determined with a haemacytometer, and the spore concentration was adjusted with sterile distilled water to 2.5×10 5 conidia/ml. Twenty μl of spore suspension inoculated into each wound using a micropipette under aseptic conditions then placed in 1.5 L plastic boxes. A layer of water was placed at the bottom of the plastic boxes to maintain high humidity and containers were closed with perforated lids to eliminate any accumulation of CO2. After storage for 7 and 14-days at 8, 18 and 28°C, lesions diameter and total phenolic contents were recorded. 6-Total phenolic contents (TPC):
The total phenolics were determined by the FolinCicalteau method as described by Singleton et al. (1999) , with minor modifications, based on colorimetric oxidation/reduction reaction of phenols. Polyphenols extraction was carried out by adding 10 ml methanol (85%) to 1g of pericarp tissues were sampled from Zian, 2016 inoculated fruit by excising the tissue from the inoculation site up to 1 to 2 cm beyond the edge of the expanding lesion. 250 µl of sterile distilled water was added to 250 µl of extract, and then 2.5 ml of diluted Folin Cicalteau reagent (10%) and 2 ml of 7.5% sodium carbonate were added. The samples were shaked for 1.5 to 2 hours. The absorbance of samples was measured at 765 nm by a PG Instruments ltd-T80+ UV/VIS spectrophotometer. Gallic acid was used for calibration curve. Results were expressed as mg gallic acid (GAE)/100 g FW.
7-Statistics
Differences between the concentrations of chitosan on the radial growth of the fungus and the differences between lesion diameters on tomatoes were evaluated by analysis of variance (ANOVA). Duncan's multiple range test at P < 0.05 level was used for means separation (Winer, 1971) .
RESULTS
1-Isolation and identification of the causal organisms:
Seven different fungi were isolated from tomato diseased fruits collected from Ismailia. Data in Table ( Tables (2) and (3). Results show that the yield of chitin was 2 gm. The dry shrimp sample weight became 7.8± 0.34 gm after deproteinization, the protein present 22%; whereas the weight became 2.1 ± 0.14 after demineralization, mineral presented 57% of the dry shrimps weight. Color substance were traces , presented only 1% of the dry shrimp sample weight after the three treatment (DP,DM and DC) presented 20% of the dried shrimp sample. 1.2. Chitosan yield: Deacetylation Conversion of chitin to chitosan was achieved by NaOH to remove the acetyl group from the polymer (Deacetylation treatment). The dry chitin weight (2 ± 0.1 gm) became (1.4 ± 0.014gm) after deacetylation. The percent DDA of chitosan presented in Figure ( 1) was derived from the differential volume of NaOH between two inflection points obtained from the potentiometrical plots. A set of pH-potentiometric titration curves of chitosan sample three parallel measurements. The curves clarify two inflection points which found to be at 25 ml and 75 ml for NaOH. The difference between the two inflection points (ΔV) found to be 50 ml. According to the equation, the degree of deacetylation was found to be 84% for the sample. The sample also showed band centered at 3301.9 cm -1 which indicate that the structure is a polymer. The sample of showed band at 910.3 cm -1 which act as the finger print for the polymers ring stretching. Fourier Transform Infrared spectroscopy, (FTIR) analysis indicated that the obtained substance is chitosan. As a result of deacetylation the obtained chitosan weight presented 70% of the obtained chitin, whereas it presented 14% of the dry shrimp sample weight (10gm). 4. Characterization of chitosan: 4.1-Molecular weight of chitosan: Molecular weight of chitosan were measured and presented in Figure ( 3), the representative graph of the reduced viscosity (ηsp/c) in relation to the five solution concentrations used for the determination of intrinsic viscosity of the chitosan for shrimps shell. By using the equation of Alsarra et al. (2002) .
[η inst ]=lim c→0 (ηsp/c) Data showed that the intrinsic viscosity of each of the chitosan for every of the sample to be the point of intersection of (Y-axis) when the concentration of the solution equal to zero. Data in Figure ( 3) and Table ( Found to be 250 X103 kDa for the shrimps 4.2. Solubility Solubility percentage of chitosan samples were estimated and obtained from shrimp shell in 100 ml acetic acid 1%, as a solvent. The solubility of chitosan which obtained from the shrimps was 80.5 %. 5-Effect of chitosan concentrations on mycelial growth of A. alternata: Antifungal activity of chitosan against A. alternata studied in vitro and the results presented in Table ( 6) and Figure (4) . Presented data show that, all the tested chitosan concentrations were exhibited a moderate fungicidal activity against the tested fungus compared with the control treatment. Data also indicated that chitosan at 1mg/ml concentration was the least effect on the fungal growth reduction (39.7%). Also, the results indicated that chitosan concentration at 6 mg/ml were the most significant effect in reducing A. alternata fungal growth. Effect of chitosan on tomato fruit blackmold severity was obtained in Table (7) and Figures (5 and 6). Data indicated that blackmold were developed at a higher rate in inoculated tomato fruits. In the inoculated fruits, lesions were visible within 7 days after inoculation and increased significantly with increasing storage period under different storage temperature degrees. While in the fungicide -treated fruit, no visual symptoms were observed at 8 and 18°C after 7 and 14-days and lesions were visible only after 7 and 14days when storage at 28°C. Lesion diameter caused by A. alternata was decreased significantly with chitosan treatment by 38.23 and 60.90% as compared to the control after 7 and 14 days of incubation at 8 o C, respectively. Control of lesion development in chitosantreated fruit indicated that chitosan had an inhibitory effect against pathogenic fungus under study. 7-Effect of chitosan on the total phenolic contents of tomato fruit after 7 and 14-days of inoculation incubated at different temperature degrees. The changes in the total phenolic contents in tomato fruits are shown in Table (8) . The total phenolic contents of all coated fruits were significantly higher than that of control. Chitosan treatment resulted in the highest increase in total phenolic contents over the untreated control by (105.89, 94.80 and 94 .32%) at 8, 18 and 28°C, respectively after 14-days of storage. In general, the total phenolic contents were found to be higher in fruits treated with chitosan. Whereas, a less increase was recognized in fungicide treatment by (15.05%) at 8°C and 7 days of storage. In all treatments, it increased first and declined at the end of storage. 
DISCUSSION
The present study revealed that the use of chitosan coating on fruits is effective in reducing blackmold disease in tomato fruits. In vitro, chitosan significantly inhibited fungal growth of A. alternata and significant differences were observed in the mean growth rates of tested fungus at all tested concentrations compared to the control. Data also indicated that chitosan at 6 mg/ml concentration has highest effect on the fungal growth reduction (67.4%). This finding is in agreement with Allan and Hadwiger (1979), Saharan et. al. (2013) who suggested that chitosan showed the maximum growth inhibitory effects on in vitro the mycelial growth of A. alternata. In this respect, Reddy et. al. (1997) proved that chitosan significantly affected both growth and toxin production of A. alternata at higher concentrations. However, at lower concentrations, toxin production was affected more than the growth as evidenced by minimum inhibitory concentrations of chitosan derived for toxin production and mycelial growth. Chitosan has been used in numerous industrial and food applications due to its biological and functional properties (Winterowd and Sanford, 1995; No et al., 2007) . The experimental data in this study demonstrates that the antimicrobial characteristics of this substance make it a potential, and moreover, a naturally occurring, food coating material. The effectiveness of chitosan has been reported by numerous authors (El Ghaouth et al., 1997; Reddy et al., 2000; Rhoades and Roller, 2000) . Chitosan is nontoxic for humans and has a low environmental impact (Hirano et al., 1990; Li et al., 1992; Shahidi et al., 1999) . This is clarified in its recent approval as a food additive in Korea and Japan (Weiner, 1991) . The International Commission on Natural Health Products (1995) recognized chitin as a natural product for the 21st century and in 2005, chitosan was considered as generally recognized as safe (GRAS) by the FDA (Food and Drug Administration) based on the scientific procedures for use in foods. Results also showed that chitosan offers a safe alternative to synthetic fungicides in postharvest diseases and could be considered as a potential agrochemical of low environmental impact.
Fourier Transform Infrared spectroscopy, (FTIR) analysis indicated that the obtained substance is chitosan. Our results are agree with that obtained by numerous researches. Saraswathy et al. (2001) confirmed that the peak at 1384 cm -1 represents the -C-O stretching of primary alcoholic group (-CH2 -OH). De Velde and Kikens, 2004 , discussed that absorbance bands of 2878, 1420 cm -1 indicated C-H stretching, C-H deformations, respectively. Saraswathy et al. (2001) observed the major absorption band between 1020 and 1220 cm -1 which represents the free amino group (-NH2) at C2 position of glucosamine, a major group present in chitosan. Palpandi et al. (2009) also noted that the band at 1320 cm -1 characteristics of (acetyl group0 C=O, and also evaluated two possibilities, either the large band centered at 3300 cm -1 (very near to that at 3450 cm -1 ) chosen for polymers. Palpandi et al. (2009) , observed that the band at 897.41 cm -1 were characteristic for the ring stretching.
Tomato fruits treated with the highest chitosan solutions showed a significant reduction in lesion diameter compared to control. There were significant differences between the effects of chitosan concentration and incubation temperature on the lesion size of blckmold. Chitosan was the most effective when fruits were stored at 8°C temperature in comparison with controls. Tsai and Su (1999) explained that higher temperatures and acidity in foods increased the bactericidal effect of chitosan. Previous studies demonstrated that the induction of systemic resistance in plants with natural compounds, including chitosan, is a promising approach to disease control (Gozzo, 2003) . Also, Faoro et al. (2001 Faoro et al. ( , 2008 showed that the activity of chitosan was attributed to the accumulation of hydrogen peroxide in treated tissues, which induces a hypersensitive reaction as a consequence of oxidative microburst and phenolic compound deposition. Doares et al. (1995) and Howe (2005) indicate that this substance activates jasmonic acid synthesis in treated hosts. In addition, chitosan oligomers of different molecular weight and degree of deacetylation induced an accumulation of phytoalexins in grapevine leaves, which reduced B. cinerea and Plasmopara viticola infections. Nevertheless, the induction of the defense mechanisms without the antifungal activity was not enough to suppress the disease (Ben-Shalom and Fallik, 2003) .
Inhibition of fungal growth as evidenced by reduced lesion size in chitosan treatments showed that chitosan has directly antifungal effect. In addition, chitosan interfered with production of fungal virulence factors such as cell wall degrading enzymes, organic acids, and host specific toxins. Previous studies confirmed direct antifungal action of chitosan (Allan and Hadwiger, 1979; El Ghaouth et. al. 1992) . Although information is available on the antimicrobial effects of chitosan, it is stable to know the actual mechanism and its impediment in pathogenesis of the causing organism in plant. Several studies have confirmed the antimicrobial effect of chitosan when it is in direct contact with the target organism. Chitosan is unusually susceptible to a variety of enzymes such as proteases, cellulases, pectic enzymes, and lipases (Pantaleone et. al., 1992) . At the same trend, the finding of Doares et al. (1995) indicated that chitosan oligosaccharides activate plant defense genes by signal transduction involving jasmonic acid similar to wound response, sustains this hypothesis.
The total phenolic contents of all coated fruits were significantly higher than the control. Chitosan treatment resulted in the highest increase in total phenolic contents over the untreated control. Whereas a less increase was recognized in fungicide treatment. In all treatments, it increased first and declined at the end of storage. Besides its antifungal activity, chitosan also has a potential of inducing defense related enzymes (Bautista-Baños et al., 2006) and phenolic contents in plants (Benhamou, 1996) . The result is in compatible with Benhamou and Thériault (1992) , and Liu et al. (2007) , who reported that the production of phenolic compounds was induced in tomato plants and fruit treated with chitosan. (Macheix et al., 1990) roported that the decreasing of phenolic compounds at the end of storage might be due to breakdown of cell structure in order to senescence phenomena during storage. Toor et al. (2005) reported that high temperatures and light exposure stimulate the production of phenolic acids and other flavonoids and that heat stress in tomato plants increases the activity of phenylalanine ammonia-lyase (PAL) as well as the total phenol and odiphenol contents and induces the accumulation of phenolics by activating their biosynthesis as well as inhibiting their oxidation.
ACKNOWLEDGMENTS
The author wishes to express his thanks to Dr. Waleed Ibrahim Shaban, Professor of Plant Pathology, Fac. of Agric., Suez Canal University, for his sincere help throughout the investigation and precious advice during the different phases of this research.
Thanks are also to Dr. Ghada N. EL-Masry, Researcher, Plant Protection Institute, Agriculture Research Center, Giza, for her help during the phase of chitosan characterization.
